Many methods of nutritional diagnosis present discordant reports. It is necessary to study how these diagnoses relate to agricultural productivity and nutrient balance for a more efficient nutritional monitoring of the crops. This study had two objectives: (1) ) and 152 of areas with low productivity (< 80 Mg ha -1 ). Sugarcane leaves were collected and contents of N, P, K, Ca, Mg, S, Fe, Zn, Cu, Mn and B were determined. The DRIS indexes were calculated by methods DRIS-Beaufils, DRIS-Jones, DRIS-Elwali and Gascho, M-DRIS Beaufils, M-DRIS Jones, and the indexes CND too were calculated. The DRIS-Beaufils, DRIS-Jones, M-DRIS Beaufils and M-DRIS Jones methods tended to agree on the nutritional diagnosis of sugarcane. The nutritional diagnosis of the CND method interpreted by the Potencial Fertilization Response (PFR) was different from the DRIS methods for N and Mn nutrients. The M-DRIS Beaufils and M-DRIS Jones methods showed a higher correlation with nutrient contents. However, there was no significant correlation between agricultural productivity and nutrient balance index mean (NBIm), suggesting that other factors influenced sugarcane production more than nutritional factors. The nutritional diagnosis methods identified excessive fertilization with N and limitations of Ca, Mg, K, S, Mn, Cu, Zn and B in sugarcane in the Northeast of Brazil.
Introduction
Sugarcane is one of the most cultivated crops in the world, occupying an area of approximately 26.9 million hectares in more than 109 countries (Choudhary, Wakchaure, Minhas, & Singh, 2016) . The production of sugarcane in Brazil in the 20217/2018 harvest is estimated at 647.6 million tons, occupying an area of 8.74 million hectares. The expected average productivity is 72.73 Mg ha -1 of stems (CONAB, 2017) .
Sugarcane is classified as crop that extracts nutrients from the soil in abundance, which requires considerable input of nutrients. It is estimated that production of 100 Mg ha -1 of sugarcane requires the input of 140, 34 and 332 kg ha -1 of NPK, respectively (Bokhtiar, Paul, Rashid, & Mafizur Rahman, 2001; Dotaniya et al., 2016) . The recommendation for fertilization of sugarcane in Brazil is based on soil chemical analysis (Raij & Cantarella, 1997; Cavalcante, 2008) . This high nutrient extraction capacity needs to be better evaluated to optimize fertilizer recommendations. Thus, nutritional diagnosis may be fundamental to evaluate this capacity. Therefore, several methods of foliar diagnosis were created, as the sufficiency range (SR) and critical level (CL) (Santos, Donha, Araújo, Lavres Júnior, & Camacho, 2013a) . methods of nutritional diagnosis have the disadvantage of being univariate, disregarding the interactions between nutrients, besides being affected by uncontrolled factors such as the biomass accumulation rate of foliar tissues (Wadt, 2005) , luminosity, temperature and water regime (Jarrel & Beverly, 1981) . On the other hand, in the bivariate or multivariate methods such as DRIS and CND, respectively, the interactions between nutrients are considered, which makes it possible to indicate nutritional disorders due to the excess or deficiency of one or more nutrients.
DRIS was developed with a purpose to classify nutrients in order of limitation to growth and development, regardless of age or organ of plant. From DRIS, indexes are calculated for each nutrient and evaluated according to the ratios of the contents of each nutrient with the others, comparing two to two with other relationships considered standards because the mineral composition was obtained from a population of highly productive plants (Serra, Marchetti, Vitorino, Novelino, & Camacho, 2010) . To calculate the functions of nutrient ratios some methods are adopted: a) the original method proposed by Beaufils (Beaufils, 1973) ; b) the Jones method (Jones, 1981) ; c) the method of Elwali and Gasho (Elwali & Gasho, 1984) . According to Mourão Filho, Azevedo, and Nick (2002) there is no clear definition of what would be the best recommendation for calculating DRIS functions.
This high number of methods for calculating the DRIS indexes is the result of the search to find a better way to represent the variability of the data (Beverly, 1987) . However, with the DRIS indexes it is possible to calculate the NBIm which provides a measure of the combined effects of nutrients on production. The disadvantage of the DRIS method is the dependency between indexes. For example, a very high index influences negatively the others, being able to diagnose deficiency for a nutrient that is in adequate concentrations. In addition, the use of NBIm as diagnostic technique can be influenced by the different methods of calculation of the DRIS indexes or the number of binary relations, not allowing evaluating the response to fertilization. Wadt et al. (1998) proposed the method of PFR. In this method the nutrient DRIS index is compared with the NBIm, establishing five classes of PFR.
In evolution to DRIS, the CND relates the nutrientes that were incorporated in a multivariate manner, similarly to the DRIS, nutritional indexes, but using the denominator in relation to geometric mean of nutritional composition of sample (Kurihara, 2004) .
Although DRIS and CND presented greater complexity in the determination of foliar nutritional contents in comparison to CL and SR, both exclude the experimentation to define the calibration curves of nutrient foliar contents. However, it considers the variability of environmental conditions, allowing nutrition diagnosis of commercial crops for the DRIS and CND calculations (O. Rodríguez & V. Rodríguez, 2000) .
In the last years, several studies have been conducted with the objective to develope nutritional standards from data collection of commercial crops using DRIS and/or CND (Partelli, Vieira, & Costa, 2005; McCray, Powell, Montes, & Perdomo, 2010; Politi et al., 2013) , but limited to specific ecophysiological or management conditions (Partelli, Dias, Vieira, Wadt, & Paiva Júnior, 2014) . However, obtaining regional standards can contribute to the rational use of inputs and productivity gains of crops production.
Comparisons between the DRIS and CND diagnostic methods are relatively extensive in the literature (Parent & Dafir, 1992; Parent, Cambouris, & Muhawenimana, 1994; Khiari, Parent, & Tremblay, 2001; Urano et al., 2007; Serra et al., 2010; Camacho, Silveira, Camargo, & Natale, 2012; Politi et al., 2013) . However, few studies have compared these diagnoses in sugarcane (Reis Junior & Monnerat, 2002; Santos et al., 2013a) . Sugarcane is grown in different regions in Brazil and the world, and optimal nutrient contents for high yields are strongly influenced by different growing conditions. It is important to find diagnostic methods that assess the nutritional status of sugarcane more accurately, such as DRIS and CND because of their multivariate characteristics, which are capable of integrating these different growing conditions. Our hypothesis is that the nutritional diagnosis is not influenced by the calculation method of DRIS indexes, especially when using the PFR as a criterion. The CND method can better identify and hierarchize nutritional limitations in high variability environments, such as in Northeast Brazil.
This study had two objectives: (1) evaluate and compare DRIS and CND methods for nutritional diagnosis of sugarcane cultivated in the Northeast of Brazil; (2) establish standards, identify and hierarchize nutritional limitations.
Method

Description of Experimental Site
The present study was conducted in commercial sugarcane plantations, located in the sugarcane region of Northeast in State of Alagoas, Brazil. The region presents a hot and humid climate, high annual rainfall (1,500-2,000 mm) and an annual average temperature of 28 °C (Souza et al., 2004) . The predominant soils in this region are Argisols Yellow dystrophic fragipic, Argisols Gleyish dystrophic fragipanic and duripanic, Argisols Yellow dystrophic latosols and Spodosols Ferrocárbicos fragipanic and duripanic (Santos et al., 2013b) .
Fertilizers and Plant Material
Liming was performed before to planting aiming to raise base saturation to 70%. The planting fertilization [sugarcane in the first crop cycle (cane-plant)] was carried out with the following management: a) the winter fertilization was performed using: Crotalaria spectabilis (green adubation) associated to 42 kg ha 
Foliar Sampling and Nutrient Analysis
Leaf sampling of sugarcane was performed in 183 samples, being 31 of areas with high productivity ( 80 Mg ha ). The collection was performed in the rainy season because is the period of high nutrient uptake and always 30 days after fertilization (cane-plant and cane-ratoon). The average third of leaves +3 according to the system of kuijper was collected and dried in a greenhouse at 65 °C with forced air circulation for 72 h and then, ground to determine the nutrient contents. The analyzed nutrients were N, P, K, Ca, Mg, S, Fe, Zn, Cu, Mn and B. The N was mineralized in sulfuric digestion and dosed using the micro Kjeldahl method (Horneck & Miller, 1998) . The other nutrients were mineralized by nitroperchloric digestion and extracts dosed by the following methods: P was analyzed colorimetrically by the molybdate method; the K by flame photometry; Ca, Mg, Mn, Zn, Fe and Cu by atomic absorption spectrophotometry; S by turbidimetry; B was solubilized by dry route and dosed by colorimetry (Azomethine-H). All analyzes were performed according to Kalra (Kalra, 1998) .
The agricultural productivity data were recorded in sampled sites for determination of nutrient contents and formed the database that was used to generate the indexes DRIS, M-DRIS and CND for sugarcane.
In order to obtain the DRIS, M-DRIS and CND standards were calculated binary ratios between nutrient contents in each group and determined the values of median (med), mean (x ), standard deviation (s), coefficient of variation (CV), variance (s 2 ), asymmetry (Asy) and kurtose (kurt). The ratio between the variances of the low and high productivity groups (s 2 b /s 2 a ) was calculated. The comparison of the mean values of productivity and nutrient contents between the low and high productivity groups was performed using Student's t-test (p < 0.05), considering the homoscedasticity among the variances (Beiguelman, 2002) . The normalization of data of high productivity group was based on the ratio between the asymmetry coefficient-g1 (Equation 1) and its estimated error-Fisher's Sg1 (Equation 2), compared with Student's t-test (p < 0.10) (Beiguelman, 2002) and an equivalent asymmetry coefficient of |0.715|. This same procedure was adopted for kurtosis values, which was also based on the ratio of the kurtosis coefficient-g2 (Equation 3) and its estimated error-Fisher's Sg2 (Equation 4), compared with the Student t-test (p < 0.10), with an equivalent kurtosis coefficient of |1.395|. Therefore, values of asymmetry and kurtosis coefficients, equal to or less than |0.715| and |1.395|, respectively, indicated normality of data.
Where, g 1 = Asymmetry coefficient; S g1 = Asymmetry error; g 2 = Kurtosis coefficient; S g2 = Kurtosis error; n = Sample size; Xi = Value of binary relation between observed nutrients; X = Mean of binary relation between observed nutrients; S = Standard deviation of binary relation between observed nutrients.
For each binary relation, in the direct and inverse form (N/P and P/N), norm selection was based on the ratio between the variances (s 2 b /s 2 a ) and asymmetry coefficient values. That is, rules were chosen to compose the relations with a higher ratio of variance and with an asymmetry coefficient less than |0.715|. For relationships that were selected and yet presented asymmetric values and/or coefficients of variation greater than 35%, were proceeded to transform the data, applying the criteria proposed by Box and Cox (1964) according to Equation 5: With different values λ, for values of binary relation among the observed nutrients, the ideal λ was selected by a maximum likelihood ratio estimation (Equation 6):
Where, EMV = Estimation of maximum likelihood; n = Sample size; Yi = Value of binary relation between transformed nutrients; Y = Mean of binary relation between transformed nutrients; λ = Considered value; Xi = Value of binary relation between observed nutrients.
Procedures for Calculating DRIS Methods
The DRIS indexes were calculated using the following methods: DRIS-Beaufils, DRIS-Jones, DRIS-Elwali and Gascho, M-DRIS Beaufils and M-DRIS Jones. The DRIS functions were calculated by formula proposed by Beaufils (Beaufils, 1973) , updated by Maia (Maia, 1999) . The nutrient ratio in the sample was expressed by (A/B) and in the population of high productivity or reference by (a/b). The standard deviation of relation between the nutrients of reference population was expressed by (s) and the constant of sensitivity by (k) with a value of 10. In this way, the function f (A/B) was calculated according to criteria described in Equations 7, 8 and 9:
The calculation of DRIS-Jones (Jones, 1981) was based on Equation 10:
The DRIS-Elwani and Gascho method (Elwani & Gascho, 1984) establishes a modification in the function calculation, which consists in considering as balanced the relation between two nutrients that is within the range (a/b)±s(a/b) (Equations 11, 12 and 13). The procedures for calculations were the same as those proposed to Beaufils (Beaufils, 1973 
With the result of each calculation of DRIS function, DRIS index was calculated for all DRIS methods:
Where, Index A = DRIS index of nutrient "A"; = Sum of functions in which nutrient "A" is in the numerator; = Sum of functions in which nutrient "A" is in the denominator; n = Number of functions in which nutrient is in numerator; m = Number of functions in which nutrient is in denominator of relationship.
The M-DRIS method proposed by Hallmark, Mooy, and Pesek (1987) in addition to considering the relationships among nutrients, incorporates the nutrient contents in their calculations. Thus, the M-DRIS Beaufils was calculated according to the following equations:
M-DRIS Jones was calculated according to the following equation:
Where, f (A) = Function of nutrient content; A = Nutrient content of sample; a = Nutrient content of the reference population (rule); s(a) = Standard deviation of the nutrient content of the reference population (rule); k = Sensitivity constant with a value equal to 10.
With the result of each M-DRIS function, the DRIS index was calculated for each nutrient, showing that in addition to nutrient ratios, the nutrient content was also used:
NBIm was calculated after calculating the nutrient DRIS indexes and consisted in sum of the absolute values of DRIS indexes obtained for each nutrient and for each method of calculating the DRIS indexes, divided by the number of nutrients (z), according to the following equation:
Journal of Agricultural Science Vol. 10, No. 9; 2018
Procedures for Calculating the CND Method
For the calculation procedures of CND method (Parent & Dafir, 1992) , the contents nutrients (Ai) of the reference population were used and calculated the multinutrient variables (Vi) according to following equations. ) (
NBIm was calculated after calculating the nutrient CND indexes and consisted in sum of the absolute values of CND indexes obtained for each nutrient, divided by the number of nutrients (z), according to the Equation 20.
Interpretation of DRIS and CND Indexes
The DRIS, M-DRIS and CND indexes were interpreted using the DRIS index and the NBIm (Wadt, 2005) . This method is based on the comparison of DRIS index module of each nutrient with the NBIm. In this method is verified whether the imbalance attributed to a nutrient is greater or less than imbalance attributed to average of all nutrients (Wadt, 2005) .
The diagnosis produced by the different methods of nutritional diagnosis were interpreted by the PFR and divided into five classes: positive (PS) for nutrients that were deficient; positive or zero with low probability (PS/Z) for nutrients that were probably deficient; zero (Z) for balanced nutrients; negative (NG/Z) for nutrients that were probably excessive; and negative with high probability (NG) for the excessive nutrients (Wadt et al., 1998) (Table  1) . (1) Wadt et al. (1998) and Wadt (2005) ; (2) Index NT = DRIS index nutrient; (3) NBIm = Nutrient balance index mean.
The degree of agreement between the diagnoses obtained using the different methods used to calculate the DRIS indexes and CND was evaluated of the following form: a) If the diagnosis (PS, PS/Z, Z, NG/Z and NG) was the same between the two distinct methods, it were considered concordants; b) If the diagnosis was different, it were considered non-concordants. The percentage of concordant diagnoses was calculated for the total of evaluated methods. The frequency with which each nutrient was identified in PS, PS/Z, Z, NG/Z and NG classes was calculated and compared by Chi-Square Probability Ratio Test or G-test. This test is used in biological phenomena in the evaluation of the adjustment quality in multivariate statistics, with logistic regression and independence in contingency tables (Wilks, 1935; Sokal & Rohlf, 1994) , according to following equation:
Where, G = Chi-Square Probability Ratio Test (G-test); fo = Observed frequency; fe = Expected frequency; k = Number of classes.
Pearson correlation analysis between the nutrient contents and their respective DRIS indexes obtained by methods DRIS-Beaufils, DRIS-Jones, DRIS-Elwali and Gascho, M-DRIS Beaufils, M-DRIS Jones and CND was performed.
Results and Discussion
DRIS, M-DRIS and CND Standards
The agricultural productivity data showed that in 16.9% of the samples the productivity was ≥ 80 Mg ha -1 , constituting high productivity subpopulation and 83.1% constituted the low productivity subpopulation (< 80 Mg ha -1
). From a total of 55 nutrient ratios to determine the DRIS standards, only 26 had Box-Cox transformation for data normalization (Table 2) . Note.
(1) Sulphur value multiplied by 10 before proceedding Box-Cox transformation.
Regarding the CND standards, it was observed that N and Mn nutrients had the lowest and highest standard deviation, respectively. For the other nutrients, the standard deviation varied between 0.168 and 0.299 (Table 4 ). In the CND standards, negative values indicated that the geometric mean of nutritional composition was higher than the foliar contend of the nutrient in the multinutrient variable (Table 4) . 
Comparison of the Nutritional Diagnosis of DRIS and CND Methods
Concordance of more than 90% was observed between the nutritional diagnosis produced by DRIS-Beaufils, DRIS-Jones, M-DRIS Beaufils and M-DRIS Jones. However, when diagnoses obtained by DRIS-Jones, DRIS-Elwali and Gascho, and CND methods were compared, the agreement was less than 90%. The DRIS-Beaufils and M-DRIS Beaufils methods presented concordant diagnosis for 95.6% of the nutrients (Table 5) . The nutrients that presented lower values of agreement were N, Mn and Cu with less than 80% of agreement (Table  5) . Similar to what was observed in this study, Urano et al. (2006) in his evaluation about nutritional diagnosis of soybean and Serra et al. (2010) in other study of nutritional diagnosis of cotton observed that these methods were concordant. Parent et al. (1994) evaluated nutritional imbalances in the potato crop and observed a high correlation jas.ccsenet.org Vol. 10, No. 9; between the DRIS-Beaufils and CND methods, indicating agreement in nutrient diagnosis. In sugarcane, Santos et al. (2013a) studying the establishment of normal ranges by the DRIS and CND methods, found that these ranges were similar. 
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PFR of Sugarcane by the DRIS and CND Methods
The frequency of concurrent or discordant nutritional diagnoses showed that the CND method disagreed of all other methods for N diagnosis (Table 6 ). The CND method evaluated N and identified that a high number of samples were included in the positive/null (PS/Z) probability class and also in the negative response class (NG) in relation to the other methods.
The excess of N fertilization in commercial crops of sugarcane production in the Northeast of Brazil and using of N doses varying between 90 and 96 kg ha -1 may have been responsible for this diagnosis, which shows a probability of negative response to the N application. N fertilization that has been used in this region is well above of the recommendation for the crop (Cavalcante, 2008) .
N is a macronutrient most absorbed by sugarcane, extracting up until 260 kg ha -1 of N, varying with genotype, soil and fertilization (Oliveira et al., 2010) . Despite the high uptake of N, the responses of the plant to N fertilization have been very varied. Azeredo, Bolsanello, Weber, and Vieira (1986) observed that in 80% of the cases, plant-cane did not respond to N fertilization in evaluations carried out in 135 experiments. However, A. Oliveira (2012) in a study in the Northeast of Brazil, found an increase in agricultural productivity with increasing N dose. Oliveira, Gava, Trivelin, Otto, and Franco (2013) observed a positive variation of dry matter production of the aerial part of the crop in response to increased N dose, when cultivated the variety SP 813250.
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(1) PS: Positive response with higher probability; (2) PS/Z: Positive response with lower probability; (3) Z: Null response; (4) NG/Z: Negative response with lower probability; (5) NG: Negative response with higher probability in accordance Wadt et al. (1998) . The CND method differed from the DRIS-Beaufils, DRIS-Jones and M-DRIS Jones methods in evaluating nutritional diagnosis of Mn due to lower response to fertilization of this micronutrient (Table 6 ). This evaluation of the CND method was contrary to responses to Mn fertilization because the greatest responses to sugarcane foliar fertilization have been attributed to the Mn (Marinho, 1988; C. Benett, Buzetti, K. Benett, & Teixeira Filho, 2016) . The DRIS-Elwali and Gascho method differed from the DRIS-Beaufils, DRIS-Jones, M-DRIS Beaufils and M-DRIS Jones methods because of their specificity to evaluate the nutrients considering the evaluation interval associated with the standard deviation, diagnosing a lower response to Mn fertilization, not deferring from the evaluation carried out by the CND method (Table 6 ). The DRIS-Elwali and Gascho method also evaluated a lower response to Mg fertilizer compared to the other methods (Table 6 ).
For the nutrients P, K, S, Zn, Fe, Cu and B there were no differences in the diagnostic evaluations among the studied methods. Cu was one of the nutrients that presented the lowest percentage of agreement among nutritional diagnostic methods (Table 5) . However, the likelihood ratio test did not detect a disagreement among the methods (Table 6 ).
The highest probabilities of positive responses to fertilization were Ca, Mg, K, S, Mn, Cu, Zn and B (Table 6) . Therefore, it is advisable to use limestone in both plant-cane and ratton-cane, as it is a management that aims to provide Ca and Mg for the crop, besides its corrective effect. Another important management is the recommendation of the use of gypsum, as source of Ca and S. For S management, when no to used gypsum, it is recommended the use of sulfate-based N sources, which will provide this nutrient as an accompanying element of the N fertilization. The source of N normally used in the region of this study is urea (Sampaio, Salcedo, Silva, & Alves, 1995) , which does not supply S and may be contributing to lower yields of sugarcane in the region. jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 9; The nutritional diagnosis of Mn, Cu, Zn and B showed that there is micronutrient deficiency in the region mainly due to the use of very productive varieties, but nutritionally very demanding (Oliveira et al., 2010) . Wadt et al. (1998) indicated that recommendation of fertilization should be directed on the nutrient that presents high probability of positive response to fertilization. Similarly, management practices that reduce nutrient supply with a high probability of negative response to fertilization should be recommended.
NBIm of the Sugarcane Crops by the DRIS and CND Methods and Correlations With the Agricultural Productivity
Positive and significant correlations (p < 0.01) were observed between nutrient contents and DRIS indexes calculated by different methods and CND indexes (Table 7) . This positive and significant correlation suggests the use of the DRIS and CND methods as good methods of evaluation nutritional, since low nutrient contents were associated with low DRIS and CND indexes, indicating nutritional limitation.
In general, correlations between nutrient contents and DRIS indexes were higher for micronutrients ( Table 7) . The M-DRIS Beaufils and M-DRIS Jones methods presented the highest correlations with the contents of the nutrients that may have been due to incorporation of the nutrient content in the formula that calculates the DRIS indexes by these methods. N content showed the lowest correlation coefficients with the DRIS indexes and CND (Table 7) . Mn content presented the highest correlation with the DRIS indexes calculated by the DRIS-Beaufils, DRIS-Jones, M-DRIS Beaufils and CND methods ( Table 7 ). The Fe content had a better correlation with DRIS indexes calculated by DRIS-Elwali and Gascho and M-DRIS Jones methods (Table 7) .
The highest values of NBIm occurred when the indexes CND (96.9), M-DRIS Beaufils (82.4) and DRIS-Beaufils (80.4) were used (Table 7) . Wadt et al. (1999) carried out the nutritional diagnosis of coffee and reported that the greater range of NBIm values can diagnose nutritional imbalance. However, determining whether a nutrient is potentially limiting or excessive depends of the criterion adopted, which may be an index or an absolute value higher than the average NBIm or other criteria (Wadt et al., 1998) . In addition, the definition of the best nutritional diagnosis method can be established by the correlation between agricultural productivity and NBIm (Mourão Filho et al., 2002) , but in this study no significant correlations were observed between productivity and NBIm in any of the methods tested. This fact can be explained by the influence of other factors on productivity because good nutritional conditions do not necessarily reflect in high yields. However, when there is nutritional imbalance, the productivity is strong affected (Beaufils, 1973) . Beaufils (1973) reports that high yield variability in low NBIm crops as well as low yield variability of high NBIm crops can be espected.
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Journal of Agricultural Science Vol. 10, No. 9; The good correlation between the nutrient contents and the DRIS indexes calculated by any method, as well as the CND indexes (Table 7 ), showed that the nutritional diagnoses were adequate.
The NBIm was very high (Table 7) , distancing far from zero (0). This behavior suggests that there was nutritional imbalance due to excess nutrients, evidenced by the position of the absolute majority of the samples in the null class (z) of response to fertilization (Table 6 ). However, agricultural productivity did not correlate with nutritional diagnoses (Table 7 ), suggesting that other factors influenced sugarcane production more than nutritional factors.
Excess nutrients, mainly N, P and K, did not influence agricultural productivity. Plants may to store these nutrients without to convert into biomass through of metabolic and physiological mechanisms (Masclaux-Daubresse et al., 2010) . The storage of N and especially K in the cell vacuole is a common physiological mechanism when these nutrients are in excess (Conn & Gillihan, 2010) .
Conclusion
The methods of nutritional diagnosis for sugarcane were concordant. The nutritional diagnosis performed through the CND method and interpreted through the PFR was different from the diagnosis obtained by the DRIS methods for the N and Mn nutrients. The indexes DRIS calculated by M-DRIS Beaufils and M-DRIS Jones methods showed higher correlations with nutrient contents, but no significant correlation was found between agricultural productivity and NBIm, suggesting that other factors influenced sugarcane production more than nutritional factors. The methods to calculate DRIS indexes showed an excessive fertilization with N and deficiency of Ca, Mg, K, S, Mn, Cu, Zn and B in sugarcane in the northeast of Brazil.
